
     

  

  

  9   1  1399  

71  

  

           

     

  :  

 
*

          

             

F_dini95@metaleng.iust.ac.ir 

 :    :  

 :30  1397    

 :23  1398    

    

 :    

          

      

  

                                  

                           .     

                                   

      .              

                  .   

                  

   .                              

                         

             .          60 

 40                .  
  

1-   

           

                 

         

              

         ]12[ .   

            

           

             

               

 ]3[ .             

      .      

            

          .    

        

              

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.1

.7
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

1-
29

 ]
 

                               1 / 7

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.1.7.5
http://ijcse.ir/article-1-765-en.html


        ...   

 

72    9     1    1399  

 

              

    ]4[ .        

             

         

  ]3[ .            

            

           

   .         

              

        ]3[ .       

            

             

            

     ]1[ .      

               

                 

      ]5[ .        

           

     ]6[.  

                        

                     

                         

                 

                       

                  . 

                   

                       ]7[ .

               .   

                        

                   

                         

          ]6[ .         

                      

              2/8 %     

 5/10 %        4 %  

      4/6 %  ]8[ .  

                  

                      

     (TCP)    

  (HA)                     

) 1 (]9[ .  

 1-      ]9[ .  

   

     Castiho et al 

------- 
 /

  
Detsch et al 

     Khalyfa et al 

 
    +

  
Rath et al 

  
   

  
Warnke et al 

   
   +

 
El-Ghannam et 

al 

   

    +

   +

 

Strobel et al 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.1

.7
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

1-
29

 ]
 

                               2 / 7

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.1.7.5
http://ijcse.ir/article-1-765-en.html


     

 

  9     1    1399  73  

 

2-     

2-1 -         

             Ca10(PO4)6(OH)2  

    µm 2-20   Merck 

        Sigma 

Aldrich    (PVP)      

                     

 .                 

Lu et al   ]10[ .      

60                     

                  

40                        

          ]11[       

           .           

           

                      

 .                    

         .  

2-2-            

(FTIR) 

                   

                    8400 S 

  .  

2-3 -     

                 Hausner 

    ]8[ .                   

                         

                      

       
1

             

     .  

2-4 -    

                         

                  .  

                         

                        

     .                

                  ]2[    

      .  

2-5-    

(SEM)  

               

               TESCAN 

   .  

3-    

    1    FTIR              

         .             

  cm-1 1612                   

    (-COO-)              

  –COOH           (-COONa) 

             .        

  
1 Dinger Funk 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.1

.7
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

1-
29

 ]
 

                               3 / 7

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.1.7.5
http://ijcse.ir/article-1-765-en.html


        ...   

 

74    9     1    1399  

 

   cm-1 1429     –

COO-  .  

                    

         .           

  (Tapping)    

(Apparent)   .      HR          

         

     .            

    21/1      ]12[ .   2       

                        

        .  

                     

                         

                   -

   .               

                    

                    

               . 

             

        tapping 

                   

]13[.  

  

 1-  FTIR     

 2-       

    gr/cm
3 

  gr/cm
3 

   

µm 149 817/0 999/0 22/1 P1 

µm 5-106 816/0 191/1 45/1 P2 
  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.1

.7
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

1-
29

 ]
 

                               4 / 7

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.1.7.5
http://ijcse.ir/article-1-765-en.html


     

 

  9     1    1399  75  

 

                       

                    

 .                 

             -         

                    

  ]14[ .                   

                     

                    

                   

         ]15[ .     2    

        

(CPFT)         -        

         .         100 %

         µm 106           

 µm 5   .  

  3                  

                     .  

                     

-               

                     

                       

   .  4             

 .                   

 .  

  
 2-  CPFT        

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.1

.7
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

1-
29

 ]
 

                               5 / 7

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.1.7.5
http://ijcse.ir/article-1-765-en.html


        ...   

 

76    9     1    1399  

 

  

  

 3-  SEM         4-          

  

4-    

                      

           .

                     

     .               

                     

   .               

 .                

                      

                   

                        

           .           

                      

                .     

                    

     .            

                        

       .  

  

[1] TURNBULL, G., CLARKE, J., 
PICARD, F., RICHES, P., JIA, L., HAN, 
F., LI, B. & SHU, W. J. B. M. 2017. 3D 
bioactive composite scaffolds for bone 
tissue engineering. 

[2] INZANA, J. A., OLVERA, D., FULLER, 
S. M., KELLY, J. P., GRAEVE, O. A., 
SCHWARZ, E. M., KATES, S. L. & 
AWAD, H. A. J. B. 2014. 3D printing of 
composite calcium phosphate and 
collagen scaffolds for bone regeneration. 
35, 4026-4034. 

[3] PIGHINELLI, L. & KUCHARSKA, M. 
J. C. P. 2013. Chitosan–hydroxyapatite 
composites. 93, 256-262.   

[4] UPADHYAYA, L., SINGH, J., 
AGARWAL, V. TEWARI, R. P. J. C. P. 
2013. Biomedical applications of 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.1

.7
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

1-
29

 ]
 

                               6 / 7

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.1.7.5
http://ijcse.ir/article-1-765-en.html


     

 

  9     1    1399  77  

 

carboxymethyl chitosans. 91, 452-466. 
[5] FARZADI, A., WARAN, V., SOLATI-

HASHJIN, M., RAHMAN, Z. A. A., 
ASADI, M. & OSMAN, N. A. A. J. C. I. 
2015. Effect of layer printing delay on 
mechanical properties and dimensional 
accuracy of 3D printed porous prototypes 
in bone tissue engineering. 41, 8320-
8330. 6- BUTSCHER, A., BOHNER, 
M., ROTH, C., ERNSTBERGER, A., 
HEUBERGER, R., DOEBELIN, N., 
VON ROHR, P. R. & MÜLLER, R. J. A. 
B. 2012. Printability of calcium 
phosphate powders for three-dimensional 
printing of tissue engineering scaffolds. 
8, 373-385.   

[6] LU, K., HISER, M. & WU, W. J. P. T. 
2009. Effect of particle size on three 
dimensional printed mesh structures. 192, 
178-183. 

[7] BAI, Y., WAGNER, G., WILLIAMS, C. 
B. J. J. O. M. S. & ENGINEERING 
2017. Effect of particle size distribution 
on powder packing and sintering in 
binder jetting additive manufacturing of 
metals. 139, 081019. 

[8] TROMBETTA, R., INZANA, J. A., 
SCHWARZ, E. M., KATES, S. L. & 
AWAD, H. A. J. A. O. B. E. 2017. 3D 
printing of calcium phosphate ceramics 
for bone tissue engineering and drug 
delivery. 45, 23-44.  

[9] LUO, Y., TENG, Z., WANG, X. & 
WANG, Q. J. F. H. 2013. Development 
of carboxymethyl chitosan hydrogel 
beads in alcohol-aqueous binary solvent 
for nutrient delivery applications. 31, 
332-339. 

[10] DU, W., REN, X., MA, C. & PEI, Z. 
Binder Jetting Additive Manufacturing of 
Ceramics: A Literature Review.  ASME 
2017 International Mechanical 
Engineering Congress and Exposition, 
2017. American Society of Mechanical 
Engineers, V014T07A006-
V014T07A006. 

[11] DE CAMPOS, M. M., FERREIRA, M. 
D. C. J. A. I. M. S. & ENGINEERING 

2013. A comparative analysis of the flow 
properties between two alumina-based 
dry powders. 2013. 

[12] ZOCCA, A., GOMES, C. M., MÜHLER, 
T. & GÜNSTER, J. J. A. I. M. E. 2014. 
Powder-bed stabilization for powder-
based additive manufacturing. 6, 491581.  

[13] BREWE, J. E. PARTICLE SIZE 
OPTIMIZATION FOR REDUCED 
CEMENT HIGH STRENGTH 
CONCRETE. 

[14] SILVA, A. P., PINTO, D. G., 
SEGADÃES, A. M. & DEVEZAS, T. C. 
J. J. O. T. E. C. S. 2010. Designing 
particle sizing and packing for 
flowability and sintered mechanical 
strength. 30, 2955-2962. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

35
2.

13
99

.9
.1

.7
.5

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cs
e.

ir
 o

n 
20

26
-0

1-
29

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

https://dor.isc.ac/dor/20.1001.1.23222352.1399.9.1.7.5
http://ijcse.ir/article-1-765-en.html
http://www.tcpdf.org

